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Introduction
Multimorbidity, that is the coexistence of multiple chronic conditions in the same individual, is observed at an extremely high frequency in old age [1] . Furthermore, multimorbidity has a multiplicative effect on an older person's capacity beyond what would be expected from the summed effects of each condition. Not only does multimorbidity often lead to functional decline [2, 3] , but it also accounts for 66% of disability related to basic activities of daily living (ADLs) and almost 50% of disability related to instrumental activities of daily living (IADLs) [4] .
Despite the strong association between multimorbidity and disability, many older adults cope well with multiple chronic diseases. McClintock et al. found that around 20% of community-dwelling older adults in the USA with a high degree of multimorbidity were reclassified as relatively healthy and at low risk of disability when a comprehensive (medical, physical, psychological, functional and sensory) health assessment was used [5] . In a recent study by our group in Stockholm, Sweden, we found that 90% of participants under 85 years were free from severe disability and 50% were functionally independent despite chronic disorders [6] . Friedman et al. also reported high levels of psychological well-being in adults between 35 and 85 years of age with multimorbidity, which in turn was linked to improved profiles of ageing-related biomarkers [7] .
The number and severity of chronic diseases are well-known determinants of incident disability [8] , but other less well-studied factors such as the speed at which multimorbidity develops may also have an influence on disability. Two recent population-based studies identified distinct longitudinal trajectories of multimorbidity dependent on the chronic disease accumulation rate [8, 9] . However, neither of these studies examined the relationship between the development and accumulation of chronic diseases overtime and disability. Furthermore, although disability is known to be strongly related to social background [10] , the extent to which sociodemographic factors enhance or attenuate the risk of disability in persons with multimorbidity has not yet been studied. Some of these personal factors could affect the ability of older adults to manage chronic health problems to accomplish social tasks and remain actively engaged, a phenomenon known as resilience [11] . Personal characteristics and the social environment may also buffer the impact of rapidly developing multimorbidity on functional independence.
Therefore, we explored the complexity of multimorbidity by focusing on the rate of disease accumulation overtime. We considered the sociodemographic background of older adults and assessed both ADLand IADL-related disability. Specifically, the aims of this study were to (i) analyse whether the speed at which multimorbidity develops potentiates its impact on the functional independence of older adults and (ii) explore whether different sociodemographic factors play a role beyond the rate of chronic disease accumulation.
Methods

Study population and data collection
The Swedish National study on Aging and Care in Kungsholmen (SNAC-K) is a community-based longitudinal study of adults aged ≥60 years living at home or in institutions in the Kungsholmen district of Stockholm between 2001 and 2004 (3363 participants; 73.3% participation rate) [12] . The sample was randomly drawn from 11 age cohorts (60, 66, 72, 78, 81, 84, 87, 90, 93, 96 and 99+ years). The two youngest and the four oldest age cohorts were oversampled to account for the likelihood of a high attrition rate in these groups. Participants have been followed regularly since baseline: every 6 years for the younger cohorts (60-72 years) and every 3 years for the older cohorts (≥78 years). A flow chart of the SNAC-K population is shown in Fig. S1 . For this study, we included participants in at least two waves, given the minimum requirement of two data points to estimate the rate of chronic disease accumulation: baseline and the 3-year follow-up (n = 329), baseline and the 6-year follow-up (n = 1397) and all three waves (n = 661). Thus, the analytical sample consisted of 2387 individuals.
In SNAC-K, data are collected through interviews by nurses, clinical examinations by physicians, cognitive testing by psychologists and laboratory tests that follow standard procedures. For cognitively impaired subjects, a proxy or caregiver is interviewed. Data on health history were also obtained from the National Patient Register and data on vital status from the Swedish Cause of Death Register. The SNAC-K study was approved by the Regional Ethical Review Board in Stockholm. Written informed consent was obtained from participants or their next of kin.
Burden of chronic diseases and disability
Clinical diagnoses were made by physicians on the basis of clinical examination, medical history, laboratory data and current drug use. Linkage to the primary care and hospital registers provided additional information on medical events. Diseases were classified according to the International Classification of Diseases 10th revision (ICD-10), dementia in accordance with the Diagnostic and Statistical Manual of Mental Disorders (4th edition) and drugs using the Anatomical Therapeutic Chemical classification system.
Multimorbidity was operationalized as the total count of chronic diseases from a clinically driven comprehensive list of chronic conditions developed by an international team of geriatricians, general practitioners and epidemiologists [13] . In brief, a disease was defined as chronic if the duration was prolonged and either (i) residual disability remained or quality of life was worsened or (ii) a long period of care, treatment or rehabilitation was required. After applying this definition in populations of older adults, 918 chronic ICD-10 codes were identified and grouped into 60 chronic disease categories. Given the chronic nature of these conditions, we assumed that they were still present at subsequent follow-up examinations in individuals with any of the conditions at baseline.
Level of disability was measured as the number of ADLs (bathing, dressing, toileting, transferring and eating) and IADLs (grocery shopping, meal preparation, housekeeping, laundry, managing money, using the telephone and using public transport) a person was unable to perform independently. Incontinence was excluded from the ADL count because it is a health problem that was included in the chronic disease count. Individuals living in institutions were assumed to depend on others for grocery shopping, meal preparation, housekeeping and laundry. The numbers of ADL and IADL limitations were summed, as combining both items in a single scale enhances the range and discriminating power of disability measurement as shown by Spector and Fleishman [14] . Due to the SNAC-K follow-up schedule (of 3-or 6-year intervals), only long-standing ADL/IADL impairments could be captured, which is consistent with our aim to study chronic disability.
Sociodemographic factors
Information on sociodemographic factors (sex, educational level, occupation and social network) was collected at SNAC-K baseline by trained nurses using standardized questionnaires. In this study, educational level was categorized as primary (<8 years) and secondary or above (≥8 years). Main occupation was defined based on the longest held job during the person's lifetime, which was classified in this study as manual or nonmanual [15] . A social network index was built using several items from the questionnaire describing social connections and social support [16] (see Data S1 for further details), and was subsequently categorized into tertiles labelled as 'poor', 'moderate' or 'rich'.
Statistical analysis
To estimate the speed at which multimorbidity developed for each individual (i.e. rate of chronic disease accumulation), we implemented linear mixed models, where number of chronic diseases was the dependent variable and the intercept and time of follow-up provided the fixed and random effects (unstructured covariance among both random effect parameters was assumed). Predicted slope values were examined by quartiles. As the upper quartile had a clearly different impact on functional limitations in comparison with the other three quartiles (IRR for 4th vs. 1st quartile 6.4, 95% CI 4.3-9.5; IRR for 3rd vs. 1st quartile 3.7, 95% CI 2.6-5.3; IRR for 2nd vs. 1st quartile 2.3, 95% CI 1.6-3.4), we further dichotomized the slopes in rapidly accumulating (upper quartile) and slowly developing (lower three quartiles) multimorbidity. Figure 1 shows chronic disease accumulation rate quartiles relative to the number of functional limitations at follow-up; a clear divergence of the upper quartile is observed.
To analyse the association between speed of multimorbidity development and disability, we used binomial negative mixed models given the overdispersion of the outcome 'number of ADL+IADL limitations' (i.e. a few individuals have several limitations and many have none). The predictors were speed of multimorbidity development, time of follow-up, baseline number of chronic diseases and age, as well as the four above-mentioned sociodemographic factors. Interactions between speed of multimorbidity development and the four sociodemographic factors were tested on both the multiplicative and additive scales. To ascertain whether disease severity could play a role in the observed associations, we further adjusted the models by total number of drugs and being underweight, which have been suggested as good proxies for person-specific disease severity [17] . Body mass index (weight/height squared) values <18.5, 18.5-24.9 and ≥25.0 kg m À2 were used to identify underweight, normal weight and overweight/obese participants, respectively [18] . We also repeated the analyses excluding those participants with at least one ADL limitation at baseline to test reverse causality between social network and difficulties in ADLs, as those with ADL disability at baseline may already have a lower social network. Furthermore, to account for mortality/attrition among older participants (i.e. ≥78 years) who were interviewed at baseline and the 3-year follow-up, but not at the 6-year follow-up, a new model was used adjusting for a three-category variable: (i) followed until the end of the study period; (ii) dropped out between the 3-and 6-year follow-up examinations; and (iii) died between the 3-and 6-year follow-up examinations.
To compare the IRR within and between levels of each sociodemographic factor, we used indicator variables created by cross-classifying individuals' speed of multimorbidity development (rapid or slow) and their sex, educational level, occupation and social network separately. The group expected to have the lowest risk of disability was used as the reference. Finally, predicted numbers of ADL+IADL limitations were calculated and displayed graphically for each combination of rapidly and slowly developing multimorbidity and sociodemographic factor. All analyses were performed using Stata version 14 (StataCorp LP, College Station, TX, USA).
Results
As shown in Table 1 , the highest increases in the number of chronic conditions and disabilities were seen for older individuals, women and those with a lower level of education, a manual occupation and a poor social network (all P-values <0.001 except for the increase in chronic diseases by sex: P = 0.245). As expected, nonparticipants at any of the follow-up examinations (either because they died or because they were lost to follow-up) were significantly older and more likely to have <8 years of education, a manual occupation, a poor social network and a higher baseline number of chronic diseases and ADL+IADL limitations (Table S1 ).
The risk of a new ADL or IADL impairment was higher (IRR 2.4, 95% CI 1.9-3.1) among participants who developed multimorbidity faster than among those who accumulated disease more slowly overtime ( Table 2 ). The baseline number of chronic diseases also predicted the rise in the number of functional limitations, but its effect size was half of that of the speed of multimorbidity development (IRR 1.2, 95% CI 1.1-1.3). Only sex (IRR for women vs. men 1.6, 95% CI 1.2-2.0) and social network (IRR for poor vs. rich social network 1.7, 95% CI 1.3-2.2) showed an effect on disability beyond the rate of chronic disease accumulation. A statistically significant interaction between sex and speed of multimorbidity development was found but only using the additive scale. The direction, significance and magnitude of all associations remained similar after further adjusting the models for the number of medications and being underweight (Model II, Table 2 ), when including only those with incident ADL disability (Model III, Table 2 ) and/or when accounting for mortality/ attrition among older participants (data not shown). Table 3 shows the IRRs and 95% CIs generated by combining the different categories of speed of multimorbidity development and each sociodemographic factor. Among those with rapidly developing multimorbidity, the multiadjusted IRR in women was almost double that in men (3.7/ 2.2 = 1.7, P = 0.004); similarly, among this group, the IRR for individuals with a poor social network increased 1.5-fold compared with those with a rich social network (3.5/2.4 = 1.5, P = 0.077). These trends are shown in Fig. 2 . Educational level and occupation did not affect disability beyond the rate of chronic disease accumulation after further adjusting for social network ( Table 2) .
Discussion
Using data from the SNAC-K population-based study of persons aged 60 years and above, we found that the speed of multimorbidity development is a strong prognostic factor for disability, even after considering the baseline number of chronic diseases. Moreover, female sex and a poor social network further contribute to the risk of functional dependence in older adults.
These findings are consistent with those of the few previous studies that have analysed the relationship between rate of increase in the number of chronic conditions and loss of functional independence in older adults. Using data from the Health and Retirement Study, Stenholm et al. [19] showed that the number of incident chronic diseases was associated with increased burden of physical functioning difficulties in individuals aged ≥60 years. Further, Barile et al. found that having at least one new chronic condition led to worse functioning in ADLs and health-related quality of life in older adults in the Medicare Health Outcomes Survey, although they did not take into consideration the number of new co-occurring conditions [20] .
From a biological point of view, it is plausible that rapidly developing multimorbidity may be the result of a higher degree of molecular damage that decreases physiological reserves [21] , increasing the risk of transitioning from disease to disability. Moreover, a faster rate of disease accumulation could be linked to a loss of homeostatic capacity, which may result in decreased physical and cognitive functioning leading to disability [22] . Such is the interest in this novel measurement that researchers from the US Department of Health and Human Services and the Centers for Disease Control and Prevention have suggested the rate of development of multimorbidity as a potential composite end-point for clinical trials of ageing [23] . Statistical significance calculated using one-way ANOVA. Individuals participating only at baseline and the 3-year followup (n = 329) are excluded. Of note, divergence between total numbers for age, sex, education, occupation or social network and the final sample size (n = 2387) are due to some missing data for these sociodemographic variables.
Our results also confirm the importance of considering the impact of sociodemographic factors on health outcomes in individuals with multimorbidity, as suggested previously [24] . It is known that the context of individuals' lives determines their health [25] , but what is less clear is how contextual factors may contribute to reserves of functional ability that may enable older adults to remain independent despite disease. In our study, being a woman increased the risk of becoming functionally dependent, even among those with rapidly developing multimorbidity. In a longitudinal study of multidimensional health-transitio0n patterns in persons aged ≥50 years in Taiwan, Chang et al.
found that men had a lower risk of deteriorating from multimorbidity to disability than women [26] . Stenholm et al. confirmed that women with chronic diseases had higher levels of physical functioning difficulties than men across all age groups [19] . This could be due to the male-female disabilitysurvival theory, according to which women more frequently have nonfatal but disabling diseases such as arthritis [27] . Indeed, sarcopenia, frailty and other geriatric syndromes such as urinary incontinence and osteoporotic fractures occur more frequently in older women than in older men [28, 29] . Potential causes, such as undertreatment of some conditions [30] , differences in lifestyles [31] or specific illness behaviours [32] , deserve further investigation. Mortality selection may also help explain our results: men with poorer health tend to die earlier than men with better health and are thus under-represented in cohort studies of older adults, such as SNAC-K.
In agreement with our findings, previous studies have shown that the quantity (i.e. social connection) and quality (i.e. social support) of interpersonal relationships impact mobility and mental health [33] [34] [35] . Members of a network can mitigate the deficits that an older person accumulates overtime by providing the following: help with daily activities; feedback for decision-making; advice and information on particular needs; financial assistance, material goods or services; and cognitive stimulation, love, friendship and recognition [36] . A social network can also exert an impact by influencing a person's values, norms and attitudes that promote health. For example, physical activity may be encouraged in everyday life within a group of friends. Social capital can also contribute indirectly to an older person's resilience by providing the community with a high degree of social cohesion and participation [37] . On the other hand, a poor social network brings insecurity, loss of selfesteem and depression that in turn lead to a vicious circle of delayed disease diagnosis, poor adherence to treatment, unhealthy lifestyle and increased isolation [38] . The link between social network and disability found in our study could be due to reverse causality, that is older adults who were already disabled at baseline may have gradually lost their ability to build and maintain their network; however, our sensitivity analyses do not support this hypothesis.
The strengths of this study include the use of population-based data with multiple health measurements overtime to investigate the association between multimorbidity and disability longitudinally, which better captures the often nonlinear and reciprocal development of both health dimensions. The identification of chronic conditions using a clinically driven algorithm that integrates different sources of data (i.e. physician assessment in SNAC-K, laboratory tests and drug, hospital and outpatient registers) increased the reliability of our exposure data. The complementary analyses increase our confidence that the associations we observed were not confounded by disease severity or driven by the presence of disability at baseline.
Nevertheless, the following limitations should be considered. First, we did not examine the impact of individual diseases, although specific groups of diseases such as depression, dementia, stroke, pulmonary diseases and arthritis have distinct associations with disability [19, 39] . Previous research has also shown that some chronic mental and physical conditions restrict social participation more than others [40] . Nevertheless, we were interested in studying the combined effect of chronic diseases (beyond specific diagnostic categories) and the speed at which they accumulate as a proxy for multisystem decline. Secondly, mortality could be a competing factor in the analysis of the association between accumulating multimorbidity and disability in that participants with greater multimorbidity were less likely to remain in the study because of death. However, had we been able to follow up these individuals, the magnitude of the association would presumably have been greater than that observed in the current study. Finally, SNAC-K participants comprise a sample of relatively wealthy and well-educated individuals, which may have diluted the potential associations between occupation, education and disability.
Conclusions
The speed of multimorbidity development is a strong prognostic factor for disability, even after considering the baseline number of chronic diseases. However, sociodemographic factors such as sex and social network could determine older adult's reserves of functional ability, contributing to their levels of resilience and their ability to live independently despite a rapid accumulation of chronic conditions.
